Background: Frailty, as defined by the index derived from the Cardiovascular Health Study (CHS index), predicts risk of adverse outcomes in older adults. Use of this index, however, is impractical in clinical practice.
F
RAILTY IS DEFINED VARIABLY because many factors have been reported to reflect frailty in older adults 1 and it has not yet emerged as a discrete clinical syndrome. 2, 3 Despite these limitations, it is recognized that older persons characterized as frail have a higher risk of adverse health outcomes that is not entirely explained by advanced age, poorer functional status, or greater prevalence of comorbidities. 4 In an attempt to operationalize and standardize the definition of frailty, Fried et al, 5 using data from the Cardiovascular Health Study (CHS), proposed a phenotype of frailty (CHS index) in which 3 or more of the following 5 components were present: unintentional weight loss, selfreported reduced energy level, reduced grip strength, slow walking speed, and low level of physical activity. Frailty as defined by the CHS index was associated with an increased risk of falls, hospitalization, disability, and death. Subsequently, the predictive validity of the CHS index has been confirmed in other cohorts. [6] [7] [8] [9] [10] It has been suggested that the CHS index be used to screen older persons for frailty. 5 However, assessment of frailty using the CHS index is impractical in the clinical setting. Ascertainment of 3 of its components (grip strength, walking speed, and physical activity) requires knowledge of the underlying distribution of the measure in a given population and identification of these components also depends on sex and body size. Components including physi-cal activity and timed walks are often infeasible to evaluate in the clinic because of tight schedules and space constraints. Unintentional weight loss is a component of the CHS frailty phenotype; however, reporting of intent to lose weight is not straightforward because knowledge of the direction of weight change may bias patient responses to a question about intent. In addition, both intentional and unintentional weight loss have been associated with an increased risk of disease in older persons. [11] [12] [13] [14] Based on the physiologic domains most frequently cited in the frailty literature, 15, 16 findings from previous studies that evaluated the predictive validity of individual components, 11, 12, [17] [18] [19] [20] [21] and suitability of assessment of components in a busy clinical practice setting, we proposed a simple frailty index using 3 components: weight loss, the subject's inability to rise from a chair 5 times without using her arms, and reduced energy level (Study of Osteoporotic Fractures [SOF] index). We used data collected in the SOF to compare the value of the SOF index with that of the more complex CHS index for prediction of falls, disability, fractures, and death in a cohort of 6701 community-dwelling women 69 years or older.
METHODS

PARTICIPANTS
From September 1986 to October 1988, a total of 9704 women aged at least 65 years were recruited for participation in the baseline examination of the prospective SOF. Women were recruited from population-based listings in 4 areas of the United States (Baltimore County, Maryland; Minneapolis, Minnesota; Portland, Oregon; and the Monongahela Valley, Pennsylvania). 22 Black women were originally excluded from the SOF because they have a low incidence of hip fracture. In addition, women were excluded if they were unable to walk without assistance or had a history of bilateral hip replacement.
All surviving participants were invited to undergo a fourth examination between August 1992 and July 1994. A total of 8412 women (97% of the survivors as of July 31, 1994) completed at least the questionnaire component of this examination. Of these, 6701 women provided data for at least 2 components of the 3 frailty criteria in the SOF index and for at least 3 components of the 5 frailty criteria in the CHS index and are the subject of this analysis. The institutional review board at each center approved the study protocol, and written informed consent was obtained from all participants.
MEASUREMENTS
Participants completed a questionnaire and were interviewed at the fourth examination and asked about health status, educational achievement, smoking history, intent to lose weight, and falls during the previous year. A selected medical history was obtained that included a history of physician diagnosis of fracture since the age of 50 years, stroke, cancer excluding skin cancer, dementia, hypertension, parkinsonism, diabetes mellitus, coronary heart disease, and chronic obstructive lung disease. Participants were asked to bring all prescription and nonprescription medications, including estrogen preparations, to the clinic for verification of use. Physical activity was assessed using a modified version of the Harvard Alumni Questionnaire 23, 24 and was expressed as a weighted score of kilocalories expended per week. Depressive symptoms were evaluated using the 15-item Geriatric Depression Scale (which includes the question "Do you feel full of energy?"). 25 Cognitive function was assessed with a modified version of the Mini-Mental State Examination 26 with a maximum score of 26. To assess functional disability, women were asked whether they had any difficulty performing any of 5 instrumental activities of daily living (IADL). 27 Tests of physical function included grip strength using a handheld dynamometer ( Jamar; Sammons Preston Rolyan, Bolingbrook, Illinois), walking speed (time in seconds to walk 6 m at usual pace), and the subject's ability to rise from a chair 5 times without using her arms. Body weight was recorded using a balance beam scale at the third and fourth examinations. Height was measured using a standard held-expiration technique with a wall-mounted stadiometer (Harpenden; Holtain Ltd, Crymych, Wales). Height and weight were used to calculate a standard body mass index (calculated as weight in kilograms divided by height in meters squared). Bone mineral density of the proximal femur was measured using dual-energy x-ray absorptiometry (QDR 1000 densitometer; Hologic Inc, Waltham, Massachusetts).
SOF FRAILTY INDEX
Frailty defined by the SOF index was identified by the presence of 2 or more of the following 3 components at the fourth examination: (1) weight loss (irrespective of intent to lose weight) of 5% or more between the third and fourth examinations (mean [SD] years between examinations, 2.0 [0.3]); (2) the subject's inability to rise from a chair 5 times without using her arms; and (3) reduced energy level, as identified by an answer of "no" to the question "Do you feel full of energy?" on the Geriatric Depression Scale. 25 Women having none of these components were considered to be robust, and those having 1 component were considered to be in an intermediate or prefrail stage.
CHS FRAILTY INDEX
Frailty defined by the CHS index as proposed by Fried et al 5 was identified by the presence of 3 or more of the following 5 components at the fourth examination: (1) unintentional weight loss of 5% or more between the third and fourth examinations (mean [SD] years between examinations, 2.0 [0.3]); (2) weakness, as identified by grip strength in the lowest quintile stratified by body mass index quartile; (3) reduced energy level, as identified by an answer of "no" to the question "Do you feel full of energy?" on the Geriatric Depression Scale 25 (4) slowness, as identified by a walking speed in the lowest quintile stratified by median standing height; and (5) low physical activity level, as identified by a weighted score of kilocalories expended per week in the lowest quintile. Women having none of these components were considered to be robust, and those having 1 or 2 components were considered to be in an intermediate or prefrail stage.
ASCERTAINMENT OF FALLS, DISABILITY, FRACTURES, AND DEATH
After the fourth examination, we contacted participants about falls and fractures every 4 months by postcard or telephone. All falls reported on the first 3 postcards were included in the falls analysis (mean [SD] 11.9 [0.9] months) after the fourth examination (covering approximately 1 year). More than 98% of these follow-up contacts were completed. Functional status was assessed at the fourth examination and, on average, 4 1 ⁄2 years later at the sixth examination; incident disability was defined as 1 or more new impairment(s) in IADL. Fractures were confirmed by review of radiographic reports. All first hip fractures occurring after the fourth examination and before January 31, 2006, were included in analyses examining the association between frailty and risk of hip fracture. Any nonspine fractures during this period were included in the analyses examining the relationship between frailty and risk of any nonspine fracture. Mean (SD) follow-up was 9.3 (3.5) years for hip fracture and 7.9 (4.0) years for any nonspine fracture. We were able to complete more than 95% of the triannual follow-up contacts about fracture status in surviving women. Deaths were identified by contacts every 4 months and confirmed with death certificates. Follow-up for vital status was 99% complete. Mean (SD) follow-up for death was 9.6 (3.3) years.
STATISTICAL ANALYSIS
We used 2 tests of homogeneity, analyses of variance, and Kruskal-Wallis tests to compare characteristics of participants at the fourth examination by category of frailty according to the SOF index. Logistic regression was used to analyze the association between frailty status as defined by SOF and CHS indexes and the odds of recurrent falls (Ն2 falls vs Յ1 fall) in the subsequent year and odds of disability after 4 1 ⁄2 years of follow-up. Cox proportional hazards models were used to analyze the associations between frailty status as defined by SOF and CHS indexes and subsequent outcomes including any incident nonspine fracture, first hip fracture, and death. The relative risk (approximated as hazard ratios or odds ratios ) of each outcome with 95% confidence intervals was estimated in women categorized as having intermediate frailty status and those categorized as frail, using women who were categorized as robust as the referent group. We also used logistic regression to examine receiver operating characteristic curves for each model and calculated the area under the curve (AUC). All primary analyses were adjusted for age alone because the objective was to assess the utility of each frailty index as it might be used in clinical practice to predict outcomes. Secondary analyses were adjusted for additional factors previously identified in the cohort to predict the outcomes.
A bootstrap procedure 28, 29 was used to compare −2 log likelihood (−2LL) model fit statistics for proportional hazards or logistic regression models containing CHS index vs SOF index and to compare AUC statistics from logistic regression receiver operating characteristic curve analysis. The full study population was sampled (with replacement) 1000 times. Each bootstrap sample was fit to the 2 models being compared, and the difference between the −2LL statistics and between AUC statistics was calculated. The distribution of these observed differences was used to make statistical inference about the likelihood that the −2LL statistics or AUC statistics from the 2 models were significantly different (PϽ.05). Using the 10-fold crossvalidation procedure, 30 results for the comparison of observed AUC statistics between models with the CHS index and models with the SOF index were cross-validated (results not shown).
RESULTS
CHARACTERISTICS OF THE STUDY POPULATION
Characteristics of the cohort of 6701 women (mean age, 76.7 years) are given in Table 1 . With the CHS index, 16% were classified as frail (Ն3 components), 47% as having intermediate status (1-2 components), and 37% as robust (no components). With the SOF index, 17% of women were classified as frail (Ն2 components), 36% as having intermediate status (1 component) , and 47% as robust (no components). Classification of frailty status using the indexes was concordant in 4965 women (74%). The statistic was 0.59. The Spearman correlation between indexes was 0.75 (P Ͻ.001). Characteristics of participants by category of frailty status as defined by the SOF index are given in Table 2 .
During a mean follow-up of 11.9 months, 734 women (11%) experienced 2 (recurrent) falls or more. At a mean of 4 1 ⁄2 years later, 1912 women (35%) reported 1 or more new IADL impairment(s) among the 5386 women with IADL data at both examinations. During a mean follow-up ranging from 7.9 years (any nonspine fracture) to 9.3 years (hip fracture) to 9.6 years (death), 2200 women (33%) experienced 1 or more nonspine fracture(s), including 707 women (11%) who sustained a first hip fracture, and 2751 women (41%) who died. Compared with the 6701 women included in this analysis who provided sufficient data on frailty components for calculation of the frailty indexes, the 1711 women excluded from the analyses because of insufficient data were more likely to have died during follow-up (55% vs 41%; PϽ.001).
SOF INDEX VS CHS INDEX FOR PREDICTION OF FALLS, DISABILITY, FRACTURES, AND DEATH
Increasing evidence of frailty as identified using the SOF or CHS index was similarly associated with an increased odds of 2 or more (recurrent) falls in the subsequent year a Unintentional weight loss of 5% or more during the 2 years before the examination.
b Weight loss of 5% or more during the 2 years before the examination. c The subject's inability to rise from a chair 5 times without using her arms.
d A total of 5386 women completed the initial and follow-up IADL assessments.
( Table 3) . Compared with robust women, women in the intermediate group had a 1.2-to 1.4-fold age-adjusted increase in risk (PϽ.04 for both models) and frail women had a 2.4-fold increase in risk (PϽ.001 for both models). There was no difference in −2LL statistics between models (P=.89). Across a range of sensitivities and specificities, the receiver operating characteristic curves were essentially superimposed for the model containing the SOF index vs the model containing the CHS index (Figure, A) . Using either index, AUC statistics were essentially identical (P=.66 for comparison of AUC statistics).
The odds of incident disability (Ն1 new IADL impairment) were greater with increasing evidence of frailty using either the SOF or CHS index ( Table 4) . Com- pared with robust women, women in the intermediate group had an age-adjusted 1.8-to 1.9-fold increase in risk (PϽ.001 for both models) and frail women had a 2.2-to 2.9-fold increase in risk (P Ͻ.001 for both models). Although the point estimates of the association were higher in magnitude for the model with the CHS index, the comparison between −2LL statistics did not reach significance (P =.17) and there was no difference between AUC statistics (P=.23) ( Figure 1B ). Frailty as identified using either the SOF or CHS index was also similarly related to an increased risk of incident nonspine fracture (results not shown), including hip fracture ( Table 5) a Among the 6701 women with data for both frailty indexes at the initial examination, 1315 who did not provide IADL information at the initial examination (n = 11) or at 4 1 ⁄2-year follow-up (n=1304) were excluded from this analysis, including 792 women who died (n = 735) or terminated study participation (n=57) in the interim period, 424 who did not provide IADL data at the follow-up examination, and 88 who were unable to attend the follow-up examination.
b Adjusted for age. hip fracture (PϽ.002 for both models) and a 1.2-fold increased risk of any nonspine fracture (PϽ.002 for both models), whereas frail women had a 1.7-to 1.8-fold increased risk of hip fracture (PϽ.001 for both models) and a 1.5-fold increased risk of any nonspine fracture (PϽ.001 for both models). There was no difference in −2LL statistics between hip fracture models (P=.34) or nonspine fracture models (P=.95). In receiver operating characteristic analyses, hip fracture models containing the SOF index performed similarly to those containing the CHS index (Figure, C) (P=.64 for comparison of AUC statistics). The AUC statistics were lower, but similar using either index, for nonspine fracture models (AUC, 0.55 for both models; P=.80).
All-cause mortality rates were higher with increasing evidence of frailty as identified using either the SOF or CHS index (Table 6) . Compared with robust women, women in the intermediate group had an age-adjusted 1.4-to 1.5-fold increased risk of death (PϽ.001 for both models) and frail women had a 2.4-to 2.7-fold increased risk of death (P Ͻ .001 for both models). Although the point estimates of the association were slightly greater for the model with the CHS index, the comparison between −2LL statistics did not reach significance (P=.20). Similarly, there was no difference between AUC statistics (P=.10) for the 2 models (Figure, D) .
For each outcome, the addition of multiple covariates (including health status; smoking history; educational achievement; estrogen use; history of fracture; history of selected medical conditions including stroke, cancer (excluding skin cancer), dementia, hypertension, parkinsonism, diabetes mellitus, coronary heart disease, and chronic obstructive lung disease; history of falls (models for fracture and death); depressive symptoms; cognitive function; functional disability; body mass index; and femoral neck bone mineral density to the ageadjusted model resulted in a small to moderate improvement in the predictive accuracy of the model. However, there was still no difference in −2LL statistics from multivariate models with the SOF index and those containing the CHS index. P values for −2LL comparisons were 0.38 (falls), 0.34 (disability), 0.62 (nonspine fracture), 0.92 (hip fracture), and 0.28 (death). Using either index, AUC statistics were almost identical for falls (AUC, 0.67 using the SOF index vs 0.68 using the CHS index; P=.054), and there was no difference between multivariate models in discriminating disability (AUC, 0.68 using the SOF index vs 0.69 using the CHS index; P =.42), nonspine fracture (AUC, 0.65 for both models; P =.86), hip fracture (AUC, 0.73 for both models; P= .96), or death (AUC, 0.74 for both models; P = .17).
COMMENT
In this large cohort of community-dwelling older women, assessment of frailty using the simple SOF index based on 3 components (weight loss, the subject's inability to rise from a chair 5 times without using her arms, and reduced energy level) and evaluation of frailty using the more complex CHS index performed similarly in the prediction of risk of falls, disability, fracture, and death. These findings suggest that the parsimonious SOF index provides a useful definition of frailty to identify high-risk older women seen in clinical practice.
There is a pervasive belief that clinicians can easily discern whether an older patient is frail. 31 However, there is no uniformly accepted definition or official International Classification of Diseases (ICD) diagnosis for frailty. The use of the term frailty in clinical geriatric medicine typically describes the presence of multisystem impairment and increasing vulnerability. Several instruments have been developed to operationalize the construct of frailty, 15 including recent indexes based on clinical judgment, 32 deficit accumulation, 33 and comprehensive geriatric assessment. 34 The CHS index 5 has been most extensively studied. The validity of the CHS index in predicting risk of adverse outcomes including functional impairment, falls, hospitalization, fracture, and death has been corroborated in several cohorts of older adults. [6] [7] [8] [9] [10] In addition, the CHS index has been linked to specific alterations in physiologic factors providing evidence of multisystem impairment and biological and molecular pathways that may underlie the development of the clinical frailty syndrome. [35] [36] [37] It has been suggested that the CHS index might serve as the basis for screening older persons for frailty and risk of frailty, 5 be used to identify a target population for entry into randomized trials evaluating interventions with the goal of preventing or delaying functional decline and disability, 15 and be integrated into the comprehensive care for older women. 38 We found that classification of frailty status using the CHS and SOF indexes was concordant in 74% of participants. Thus, the SOF and CHS indexes similarly discriminate between groups of older women in identification of frailty status. In addition, our results confirm the value of the CHS index in screening older women for risk of falls, disability, fracture, and death, with an AUC as high as 0.72 for death in age-adjusted models. However, we did not find evidence that the prediction of these outcomes was better using the more complicated CHS index as compared with the straightforward SOF index, which was parsimonious without substantial losses in its discriminative ability. Like the CHS index, the 3 components of the SOF index (weight loss, the subject's inability to rise from a chair 5 times without using her arms, and reduced energy level) reflect impairment in 1 or more physiologic domains most frequently cited in the frailty literature 15, 16 : mobility, such as lower-extremity performance and gait abnormalities; muscle weakness; poor exercise tolerance including feelings of fatigue and exhaustion; unstable balance; and factors related to body composition such as weight loss, malnutrition, and sarcopenia. However, unlike for the CHS index, the SOF criteria are not dependent on sex, body size, underlying distribution of the measure in a population, or ability to assess intent to lose weight, and are easily assessed and inexpensively obtained in a few minutes in the clinical setting.
This study has many strengths, including its prospective design, comprehensive set of measurements, and duration and completeness of follow-up. To our knowledge, this is the first study to evaluate and compare the overall predictive value of 2 frailty instruments. However, this study has several limitations. Participants were older white women living in the community, and our findings may not be applicable to other population groups. Additional prospective studies are needed to confirm the predictive validity of the SOF index in other populations. While prediction of all-cause mortality is of essential prognostic importance in aged populations and disability, falls and fractures are a common cause of morbidity in older adults 39, 40 ; future studies should evaluate the ability of the SOF index to predict other outcomes including hospitalization and institutionalization. Our findings indicate that both the CHS and SOF indexes are limited in their ability to discriminate falls, disability, and fracture. Neither index should be used as the sole tool for screening for risk of these outcomes. However, the validity of these frailty indexes in predicting hip and nonspine fractures was similar to that reported for other tools based on the use of clinical risk factors alone. 41 These results may underestimate the ability of the CHS and SOF indexes to predict death because women excluded from the analyses owing to insufficient data on frailty components were more likely to die during follow-up. The objective of this analysis was to compare the ability of the SOF index with that of the CHS index to predict adverse outcomes, and future studies are needed to examine whether the SOF index is useful in the longitudinal characterization of change in frailty status across time. We compared the predictive ability of the SOF index with that of the widely used CHS index; however, several indexes of frailty have been proposed 15, [32] [33] [34] and our findings are not generalizable across different frailty definitions.
The simple SOF index provides an operational definition of frailty that predicts risk of falls, disability, fracture, and death as well as the more complicated CHS index. Thus, the SOF index provides a useful phenotype of frailty to identify high-risk older women in clinical practice. 
